cell, glucose and protein concentrations) with cerebrospinal fluid culture positivity is essential for diagnosis, as growing the causative agent in the culture or making a diagnosis by using infection indices is not always easy. Moreover, benefits of white blood cell (WBC) counts, C-reactive protein (CRP) and procalcitonin are limited although these markers support the diagnosis of bacterial infection.
that investigate whether platelet indices may play a role in some infectious and inflammatory diseases and may be used as markers. (5, 6, 8, 14, (17) (18) (19) 23) .
To our knowledge, there are no studies conducted examining the diagnosis of VPSI using platelet indices. In this study, we aimed to investigate whether MPV and PDW values are decisive for the diagnosis of VPSI in children.
█ mATERIAl and mEThODS

Patients and study design
The study was approved by the local ethics committee (Approval number: 193). It was conducted in a tertiary training and research hospital. From 2012 to 2015, all patients diagnosed with proven VP shunt infections were evaluated and included in the study. Patients' medical records were examined retrospectively. During the study period, a total of 25 patients with VP shunt infections were included. Shunt infection diagnosis of the patients was made by a Pediatric Infectious Disease specialist. All of the other possible infection causes were excluded with a detailed history, clinical physical examination and laboratory evaluation.
CSF for analysis (glucose, protein, culture, WBC count with differential, gram stain) was obtained from the ventriculoperitoneal shunt before antibiotic administration. When CSF glucose, protein values and WBC count with differential were consistent with bacterial infection, proper antibiotic treatment was started. When VPSI was diagnosed, the shunt was removed and external drainage was inserted.
Microorganism was grown in the cerebrospinal fluid of each patient.
The microorganisms that were grown in the CSF were as follows: Coagulase negative Staphyloccocus (CoNS) 68% (17 patients), Pseudomonas aeruginosa 8% (2 patients), Acinetobacter baumannii in 12% (3 patients), Klebsiella pneumoniae 8% (2 patients), and Pseudomonas aeruginosa+Klebsiella pneumoniae 4% (1 patient).
The control group was selected from healthy children who presented to the outpatient clinic. None of them had infectious or chronic diseases.
The complete blood counts (CBC) had been performed on the first day of admission before antibiotic administration and comprised platelet (PLT) counts, MPV, PDW and WBC counts.
Statistical Analysis
Statistical analysis was performed using the IBM SPSS Statistics Version 20 statistical software package. Categorical variables were provided as numbers and percentages, numerical variables were given as mean±standard deviation. Platelet indices were found to be statistically different between groups, and they were analyzed for diagnostic value in VPSI using Receiver Operating Characteristic (ROC) curve analysis. The areas under the ROC curves (AUC) were calculated and the specificity, sensitivity, positive-predictive value (PPV), negative predictive value (NPV) as well as the accuracy for the platelet, MPV and PDW of the most appropriate cut-off point were calculated for VPSI. P value <0.05 was considered statistically significant.
█ RESUlTS
Twenty-five VSPI patients and 25 healthy children as the control group were included in the study. Within the patients with VPSI, 6 (24%) were female, 19 (76%) were male and mean age was 11.16±17.13 months. In the control group, 14 (54%) patients were female, 11 male (46%) and their mean age was 8.72±5.42 months. There was no difference in gender distribution and mean age between the control group and the VPSI patients (p>0.05).
The patient group had a mean MPV of 7.78±1.59 fl, and the control group 10.02±0.649 fl. There were significant differences in the MPV values between the two groups (p<0.001). MPV values were significantly lower than in the control group. The mean PDW values of the patient and control group were 14.558+3.635 and 11.612±1.319, respectively. The PDW values were significantly higher in the VPSI group (p<0.001). The mean platelet counts of the patient and control group were 570.12±238.48 mm 3 and 348.32±70.551 mm 3 , respectively. The platelet counts were significantly higher in the VPSI group (p<0.001). The mean white blood cell counts of the patient and control group were 15.67±7.41 mm 3 and 9.43±2.72 mm 3 , respectively. The WBC counts were significantly higher in the VPSI group (p<0.001) (Table I) .
A ROC curve was plotted to identify the parameters that may be statistically significant in VPSI. For MPV, the calculated area under the curve was 89.8%. When the MPV value was below 9.2 fl, sensitivity and specificity were 80% and 92%, and PPV and NPV were 91% and 82% respectively (Table II, Figure 1 ). For PDW value, the area under the curve was 71% and cut-off value was higher than 12.25, sensitivity and specificity were 68% and 80%, and PPV and NPV were 77%, 71%, respectively (Table II, Figure 2 ). On the other hand, platelet count was higher than 401.500 mm 3 , sensitivity and specificity were 80% and 88%, respectively (Table II, Figure  2 ). The area under the curve was 77.4% for WBC count and cut off value was higher than 9.73x10 3 /UL, sensitivity and specificity were 76% and 64%, and PPV and NPV were 68% and 73%, respectively (Table II, Figure 2 ). █ DISCUSSION Shunt infection is a common cause of mortality and morbidity in patients with hydrocephalus and incidence is reported between 5-15% in literature (16) . Especially paediatric patients may apply with diseases mimicking nonspecific findings of other childhood diseases, making early diagnosis vital. Ventriculoperitoneal shunt infection can be seen in functional shunts and may also occur as an important cause of shunt dysfunction. Therefore, early diagnosis and management are important. Although some diagnostic criteria are used, in most cases diagnosis during childhood may not be easy. CSF analysis (protein, glucose, WBC count) provides the warning signs for VPSI. It is often necessary to await CSF culture results. Platelets play a basic role in hemostasis and thrombosis (21). Platelet indices are parameters that can be easily examined through blood count. Mean platelet volume has been used since the 1970s (11) . Platelet indices based on MPV and PDW have been emphasized in recent years with respect to some infections and inflammatory conditions (5, 6, 14, (17) (18) (19) 23) . The mean platelet volume shows the average size of platelets and platelet production rate and stimulation (4) .
It has been demonstrated in recent years that increased MPV is a risk factor associated with the prognosis of cardiovascular and cerebrovascular diseases (1, 10) . Moreover, MPV was also evaluated in infectious diseases and it was shown that reduced MPV levels were seen in acute appendicitis, respiratory syncytial virus, and HIV infection in the literature (5, 17, 18) . Within the sepsis studies, there are also different results.
Some authors associated poor prognosis with increased MPV levels in sepsis while Bessman and Gardner reported reduced MPV levels in septic patients (2, 20) . Guclu et al. showed that in patients with severe sepsis, PDW and MPV levels were higher than non-severe sepsis (8) . On the other hand, Gunluoglu et al. found lower MPV levels in active pulmonary tuberculosis cases but this did not reflect the severity of disease (9) .
Platelets also play an important role in inflammatory response.
In the literature, lower MPV levels were correlated with increased disease activity in inflammatory diseases such as ulcerative colitis (23) . It is thought that the reason of lower MPV levels observed in inflammatory bowel diseases could be the presence of a defect in the regulation of thrombopoiesis (13) .
Platelet indices were also evaluated in central nervous system events. Mean platelet volume and PDW were higher in patients with cerebral venous sinus thrombosis with brain parenchymal lesions and predict the severity of thrombosis (12) . Also, mean platelet volume has been shown to be an independent risk factor for ischemic stroke (15) .
Platelet distribution width (PDW), being another platelet index, indicates heterogeneity in platelet sizes. Increased PDW levels indicate increased platelet distribution that is associated with swelling, destruction and immaturity (6) . An experimental study suggests that increased PDW levels were associated with endotoxemia (22) . Sepsis studies showed that elevated PDW was related to higher mortality outcomes (6, 8) .
As a result of this study, we saw that platelet indices, especially MPV, are important parameters in patients with VPSI. Mean platelet volume levels were reduced while PDW and platelet levels were increased compared to the control group in patients with VPSI. This study indicated that MPV and PDW values may be used for the diagnosis of VPSI in children with an accuracy of at least 75%. Our findings indicated that MPV levels lower than 9.2 fl have good (80%) sensitivity and good (92%) specificity for VPSI diagnosis. MPV's sensitivity and specificity are higher than the other platelet parameters and leucocyte count. Therefore, MPV may be used as an ancillary test in the diagnosis of VPSI.
In conclusion, to the best of our knowledge, this is the first study to evaluate MPV and PDW in the context of VPSI diagnosis. Mean platelet volume and PDW values would serve as useful parameters for the diagnosis of VPSI that has a high mortality and morbidity rate. We think that clinicians should be aware of this association.
